(100%) was highest (P < 0\m=.\05) in the cervical mucus-treated heifers but the conception rate (24%) was the lowest. The days to oestrus did not differ amongst groups but the degree of synchrony of oestrus after PGF-2\g=a\ was greatest (P < 0\m=.\05) in animals treated with cervical mucus. These data indicate that a priming pheromone in the cervical mucus of oestrous cows can affect the ovarian function of herdmates and thereby improve synchrony of oestrus after PGF-2\g=a\injection.
Introduction
Pheromones are chemical messages secreted by one animal that cause a specific reaction in another individual of the same species. The response to a pheromone can involve either the performance of a certain behaviour, or a change in the physiology of the recipient (Karlson & Butenandt, 1959) .
Priming pheromones, those pheromones causing physiological changes (Wilson & Bossert, 1963) , have received much attention with respect to rodent reproduction (see reviews by Bronson, 1974; Vandenbergh, 1975 Vandenbergh, , 1980 . In the house mouse, for example, the onset of puberty in the female is accelerated by a component of male mouse urine (Vandenbergh, Finlayson, Dobrogosz, Dills & Kost, 1976) and delayed by exposure to urine from grouped females (Mclntosh & Drickamer, 1977) . Exposure to male mouse urine synchronizes the oestrous cycles of adult female house mice previously made anoestrous by grouping with other females (Bronson & Whitten, 1968) . Unlike female house mice, grouped female rats, or rats sharing a common air supply, exhibit a synchronization of oestrus that is mediated by an airborne chemical or pheromone (McClintock, 1978) .
Some of the priming pheromonal systems described for rodents also operate in the reproductive systems of domestic animals. For example, the introduction of a ram into a flock of ewes at the onset of the breeding season synchronizes oestrus in the ewes (Underwood, Shier & Davenport, 1944; Schinckel, 1954) . A similar effect of the introduction of the male has been described in goats (Shelton, 1960) . Exposure to a mature boar hastens the onset of puberty in gilts and has a synchronizing effect on their first oestrus (Hughes & Cole, 1976) . Treatment of post-partum sows with a synthetic signalling pheromone ('Boar Mate') has a priming effect, as it results in an earlier return to oestrus (Hillyer, 1976) .
Although signalling pheromones are involved in the bull's recognition of and attraction to oestrous cows (Sambraus & Waring, 1975; Paleologou, 1977; Jacobs et al., 1980) , few studies indirectly or directly provide evidence for the involvement of priming pheromones in bovine reproduction. Petropavlovskiï & Rykova (1958) showed that exposure of post-partum cows to a vasectomized bull decreased the interval from parturition to conception by approximately 35 days, an effect that is probably pheromonal. Izard & Vandenbergh (1982) (Shorey, 1976) . Urine from oestrous cows stimulates sexual activity in bulls when applied to non-oestrous cows (Sambraus & Waring, 1975) , as does cervical mucus (Paleologou, 1977) , which exhibits variations in the amount, consistency (Hammond, 1927) , crystallization pattern (Alliston, Patterson & Ulberg, 1958) , protein content and peroxidase concentrations (Foulkes, Hartley & Stewart, 1981) during the oestrous cycle.
In the present studies, PGF-2a was used to synchronize the oestrous cycles of heifers with palpable corpora lutea (CL). Although progesterone production by the CL declines rapidly and synchronously after PGF-2a the subsequent onset of oestrus may be more variable (Nancarrow, Hearnshaw, Mattner, Connell & Restall, 1974 Oronasal treatment with test substances occurred 3 times during the 54 h after PGF-2a injection and a 1-ml syringe was used to apply the test substances. Half of each sample was sprayed into the nasal cavity and half was sprayed into the mouth. Therefore, test substances had access to both the accessory olfactory system and the olfactory system, both of which have been implicated in the mediation of the effects of priming pheromones (Estes, 1972;  Wysocki, 1979; Johns, 1980 (Siegel, 1956) as appropriate. One-way analyses of variance were performed using the General Linear Models procedure for unbalanced data (Barr, Goodnight, Sail & Helwig, 1976) fig. 1 ). However, the conception rate in cervical mucus-treated heifers was the lowest. Two urine-treated heifers on one farm were not inseminated because of an oversight by farm personnel, and were eliminated from conception (Welch et al, 1975; Peters et al, 1977; Britt, Hafs & Stevenson, 1978) . The most striking effect of treatment with cervical mucus in combination with urine (Exp. I) or alone (Exp. II) was an increased synchronization of oestrus although the average time to onset of oestrus was not affected. This effect of cervical mucus on ovarian functions suggests that cervical mucus contains a priming pheromone.
How this putative priming pheromone could increase oestrous synchronization after PGF-2a is unclear. To change the timing of oestrus, a pheromone probably would not affect the decline in progesterone levels seen after PGF-2a injection, as this decline is rapid and relatively imperturbable (Chenault, Thatcher, Kalra, Abrams & Wilcox, 1974; Nancarrow et al, 1974) . In addition, direct pheromonal influences on the bovine ovary are unlikely, as rodent priming pheromones consistently exert their effects on the hypothalamic-pituitary complex (Bronson & Desjardins, 1969 Chapman, Desjardins & Whitten, 1970) . The pheromone may indirectly affect ovarian oestrogen production or influence the responsiveness of the hypothalamus to ovarian oestrogens. The pheromone might itself be an oestrogenic substance. Oestradiol benzoate given 48 h after PGF-2a increases the occurrence of oestrus within a specific target period (Peters et al, 1977) , while the same hormone given 28 h after PGF-2a significantly shortens the time to oestrus (Nancarrow & Radford, 1975) . To our knowledge, the oestrogen content of cervical mucus has not been examined. Although urine from oestrous cows contains oestrogens (Mellin & Erb, 1966) Although prostaglandins are useful exogenous synchronizing agents, they do not provide precise control of the oestrous cycle (Roche, 1974) . The aim of oestrous synchronization is to facilitate the use of A.I. by controlling the day that oestrus occurs. However, the degree of synchrony presently obtainable with PGF-2a yields variable conception rates, usually low, if A.I. is performed at a set time without regard to oestrus (Cooper & Walpole, 1975; Peters et al, 1977;  Burfening, Anderson, Kinkie, Williams & Friedrich, 1978) . Increasing the degree of synchrony after PGF-2a should improve conception rates with set-time A.I. (Johnson, 1978; Refsal & Seguin, 1980) . If PGF-2a-treated animals are inseminated in relationship to the onset of oestrus, fertility is comparable to that of untreated controls (Peters et al, 1977) , but oestrus must be detected. Hurnik, King & Robertson (1975) have shown that as the number of animals in oestrus at the same time increases, oestrous behaviour also increases, possibly improving detection of oestrus in the herd. Therefore, a pheromone produced in the cervical mucus of oestrous cows that can affect ovarian function so that oestrous synchronization is increased has potential for use when A.I. is performed at a set time or in relation to the onset of oestrus.
